ABSTRACT
INTRODUCTION
Organophosphate and carbamate insecticides are widely used in public health, veterinary practice, and in agriculture [1] [2] [3] . They pose major environmental pollution problems and health hazards to people and animals [1] [2] [3] [4] [5] [6] . These insecticides inhibit cholinesterase (ChE) activity in the nervous tissues and neuromuscular junctions, causing an accumulation of acetylcholine at the nerve endings which subsequently produces signs of toxicosis characterized by nicotinic, muscarinic, and central nervous system effects [1, [7] [8] [9] .
The measurement of blood (plasma, serum, erythrocyte, or whole blood) ChE activities is a useful tool for monitoring exposure to organophosphate and carbamate insecticides and in diagnosing poisonings [1, 7, 10, 11] . A 20-30% decrease in serum or plasma ChE activity usually suggests exposure to anti-ChE compounds [10, 11] . Inhibition of blood ChE activity by more than 50% supports the diagnosis of poisoning and indicates a serious adverse health condition that needs immediate attention [5, 7, 10, 11] .
Various colorimetric and electrometric (potentiometric) methods are available to determine blood cholinesterase activity [7, 12, 13] . One of the main methods for measuring blood cholinesterase activity is the electrometric method: it is based on the hydrolysis of acetylcholine and the production of acetic acid that subsequently decreases the pH of the reaction mixture [7, 12, 13] . The original electrometric method of Michel is most commonly used in people [7, 12, 13, 14] . However, the shortcomings of the Michel's electrometric method are relative insensitivity, sample size, long incubation period, and low throughput [7, [12] [13] [14] . In addition, the original electrometric method is not preferred for detection of ChE inhibition induced by carbamates [15] [16] [17] . Carbamylated ChE is unstable in the reaction mixture of the electrometric method of Michel because of considerable sample dilution and a long assay time of more than 60 minutes [15] [16] [17] .
Various modifications of the electrometric method have been described for measuring plasma or erythrocyte ChE activities in clinical and research applications [7, 13, [18] [19] [20] . These modifications include increasing sample volume, increasing or decreasing incubation time, increasing incubation temperature, or using buffers of different compositions. Recently, a simple modification of the electrometric method has been reported; it was originally modified from a rapid electrometric method described in sheep [20, 19] . By omitting apparently unnecessary steps of saline washing of the erythrocytes and the one or two incubation periods of 10 minutes each before substrate addition, the modified method was advocated for its one-step short incubation time (20 minutes) , the use of a single barbital-phosphate buffer, and the overall shorter assay time [19, 20] . The modified method has been validated in people and several animal species [20] [21] [22] [23] [24] [25] . Further, the modified method (in contrast to the original electrometric method of Michel) can detect ChE inhibition caused by carbamate insecticides such as carbaryl and methomyl [14, [20] [21] [22] . In measuring ChE activity, the modified method correlates well with the electrometric method of Michel and the spectrophotometric method of Ellman [19, 23] . Other than a single validation report, no attempt has been made to use the modified method for measuring ChE activity in people [20] . Therefore, the purpose of our study was to apply the modified electrometric method for measuring blood ChE activities in apparently healthy human volunteers in Mosul, Iraq [19, 20] . This is an initial attempt, since diagnostic interpretation of ChE data requires knowledge of a normal reference range ChE values [5, 7, 10, 11, 14] .
METHODS
Human volunteers included in the study were apparently healthy subjects: 72 males, mean (+SD) age of 32 + 8 years, and 31 females, mean (+SD) age of 32 + 11 years. Volunteers had no history of exposure to anti ChE insecticides for at least two months before blood sampling. Exclusion criteria for ruling out exposure to insecticides were based on subjects non-involvement in any activity related to handling and/or exposure to insecticides. The subjects were from Mosul, Iraq. Informed consents were obtained from the volunteers before the start of the study. Institutional Review Board approval was also obtained before the study.
Electrometric Method for Measurement of Plasma, Erythrocyte and Whole Blood ChE Activity
From September 2005 to February 2006, we used heparinized test tubes to obtain venous blood samples from volunteers [26] . Plasma was separated from erythrocytes by centrifugation at 3000 rpm (Centurion, U.K.) for 15 minutes. We used a modified electrometric method validated for use in people [19, 20] (Figure 1 ). For a typical assay condition, the reaction mixture in a 10-ml beaker contained 3 ml distilled water, 0.2 ml plasma, erythrocytes or whole blood, and 3 ml pH 8.1 barbital-phosphate buffer [19] . The pH of the mixture (pH1) was measured with a glass electrode using a pH meter (Hanna Instruments, Romania) before 0.1 ml of aqueous solution of the substrate acetylcholine iodide (7.5%) was added to the reaction mixture that was incubated at 37°C for 20 minutes. At the end of the incubation period, we measured the pH of the reaction mixture (pH2). The enzyme activity was calculated as follows:
• ChE activity (∆pH/20 minutes) = (pH1 -pH2) − ∆ pH of blank
The blank was without the blood aliquot. The barbital-phosphate buffer solution consisted of 1.24 g sodium barbital (BDH), 0.63 g potassium dihydrogen phosphate (Merck, Germany), and 35.07 g sodium chloride (BDH) dissolved in one liter of distilled water [19] . The pH of the buffer was adjusted to 8.1 with 1 N HCl.
Measurement of True ChE Activity in the Plasma
Aliquots (0.2 ml) of the volunteers' plasma samples were incubated in separate reaction mixtures with 40 µl of 0.1% quinidine sulfate (Sigma, St. Louis, USA) for 10 min at 37 o C to inhibit pseudo ChE activity [19, 20] . Thereafter, the remaining (true ChE) activity in the plasma was measured. Pseudo ChE activity = ChE activity (without quinidine) -true ChE activity (with quinidine). Quinidine specifically inhibits pseudo ChE activity in the plasma [6, 7] .
In vitro ChE Inhibition by Organophosphate (Chlorpyrifos and Methidathion) and Carbamate (Carbaryl) Insecticides
Pooled plasma, erythrocyte, and whole blood samples were collected from 6 male volunteers. The method of inhibitor-ChE incubation was used to cause in vitro inhibition of ChE activities in the blood sample by chlopyrifos (40%, VAPCO, Jordan) and methidathion (50%, Agricultural Chemicals Manufacturing Enterprise, Jordan) and by carbaryl (85%, Sociedad Anonima De Agroquimicos, Spain) [19, 20] . The insecticides were prepared in distilled water and individually added in a volume of 0.1 ml to the reaction mixtures of the plasma, erythrocytes, or whole blood. The final reaction volumes in control and inhibited samples remained the same (6.3 ml) by using 2.9 ml of distilled water instead of 3 ml (Figure 1) . The final concentrations of chlopyrifos and methidathion in the reaction mixtures were 0.5 and 1 µM; final concentrations of carbaryl were 5 and 10 µM. Control reaction mixtures did not contain any insecticide, and they were used for measurement of base-line ChE values. The reaction mixtures were incubated at 37 o C for 10 minutes [19, 20] . Thereafter, the residual ChE activity in the mixtures was measured as before. The % of enzyme inhibition was calculated as follows:
• % ChE inhibition= [ChE activity (without insecticide)-ChE activity (with insecticide)/ ChE activity (without insecticide)] X 100
Statistics
The samples sizes were determined using the Altman's nomogram, taking into account the suitability of subject numbers within the groups for statistical evaluation (e.g. sex, blood fractions, and ChE inhibition) [27] . We determined the mean, standard deviation, range, and 95% confidence interval of plasma, erythrocyte, and whole blood ChE activities [27] . When applicable, the data were subjected to one way analysis of variance followed by the least significant difference test [27] . Student's-t-test was used for the means of two groups [27] . The level of significance was at P < 0.05. Tables 1 and 2 show the mean, 95% confidence interval, and related statistics for plasma, erythrocyte, and whole blood ChE activities in apparently healthy male and female subjects. Mean reference ChE activities (∆pH/20 min) in the plasma, erythrocytes, and whole blood of male subjects were 0.98, 1.39 and 1.41, respectively ( Table 1) . Mean reference ChE activities (∆pH/20 min) in the plasma, erythrocytes, and whole blood of the females were 0.85, 1.22 and 1.23, respectively ( Table 2) . Plasma ChE activities of male and female subjects were significantly lower than those of the erythrocytes and whole blood ( Tables 1 and 2 ). Ten minutes after in vitro addition of quinidine sulfate to inhibit pseudo ChE activity in the plasma, the estimated mean true ChE activities in male and female subjects were 0.08 and 0.07 ∆pH/20 min, respectively ( Table 3 ). The percentage of true ChE activity in the plasma of the male and female subjects was 8.2 ( The insecticides (chlorpyrifos, methidathion, and carbaryl) in a concentration-dependent manner variably inhibited plasma, erythrocyte, and whole blood ChE activities in vitro ( Table 5 ).
RESULTS

DISCUSSION
Our research introduces (for the first time in a collective manner) normal ChE activities of the plasma, erythrocyte, and whole blood of apparently healthy male and female volunteers in Mosul (Iraq) as determined by a simple modified electrometric method. These values could serve as preliminary reference values for future studies using the modified electrometric method for rapid measurement of blood ChE activities. Measurement of blood ChE activity in people is a non-invasive biomarker method for monitoring poisoning or exposure to organophosphate and carbamate insecticides [6, 7, 10, 11, 14] . These results further support and expand our previous findings, and the modified method was validated for determining ChE activities in the plasma and erythrocytes of people [20] . Furthermore, the modified method has been applied successfully to evaluate poisoning induced by organophosphate and carbamate insecticides in several animal species [20] [21] [22] [23] [24] [25] .
The short 20-minute one-step incubation time and the 0.2 ml sample volume of the blood appeared to be suitable for the assay conditions necessary to produce enzyme activity without interfering with the buffering capacity in the reaction mixture. This is in agreement with our earlier findings in people and animals [19] [20] [21] [22] [23] [24] [25] 28 ]. Compared to the incubation period (more than 60 minutes) of the Michel's method, the one-step short incubation time of the modified method would be useful in increasing the rapidity of the procedure for multiple samples [14] . The modified method also substantially decreases the handling of the reaction mixture as found in other electrometric methods [7, 13, 14, 18] . By using a glass electrode, it also eliminates the problem of color interference found in the spectrophotometric methods [7, 12] . In addition, the procedure is inexpensive, like that of the Michel's, because it uses commonly available laboratory equipment and reagents.
The modified method was also used to estimate true ChE activity in the plasma of the subjects. The reported values in the present study correlate with those reported in studies by others [5] [6] [7] . True ChE activity in the plasma of mammals ranges between 10 to 30% [5] [6] [7] 20] . Activity is much lower than those of wild birds [6, 7, 24] . Organophosphate or carbamate pesticides may inhibit true ChE in different ways [1, [6] [7] [8] 10] .
There were physiological differences in the values of plasma ChE and those of the erythrocyte and whole blood. Such differences have been reported earlier, and they might contribute to the differential responses of ChEs to organophosphates and carbamates [1, 6, 7, 11] .
In vitro inhibition of plasma, erythrocyte, and whole blood ChE activities by chlorpyrifos, methidation (organophosphates), and by carbaryl (a carbamate) is in agreement with the reported anti ChE actions of these insecticides [1, 3, 16, 20] . These results and previous in vitro and in vivo ChE inhibition studies suggest the sensitivity of the modified method in detecting ChE inhibition caused by organophosphates and possibly carbamates [19, [20] [21] [22] [23] 25] .
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